The power of water. How hands-on activities can foster learning and communication of science by Almeida, M. J. et al.
Hands-on. The Heart of Science Education 
© 2016 HSci. ISBN 978-84-8158-714-2 
 
 
 
124 
The Power of Water. How Hands-
on Activities Can Foster Learning 
and Communication of Science 
M Almeida, MA Forjaz, C Almeida-Aguiar 
Universidade do Minho, Portugal 
scientia.com.pt@bio.uminho.pt  
Abstract. Scientia.com.pt is a science 
communication and outreach project born at 
the Universidade do Minho, in Braga, Portugal. 
One of its initiatives during 2016 was the 
celebration of the World Water Day by 
organizing an exhibition that engaged 
undergraduate students in an active hands-on 
but also learning activity focused on the value 
and the importance of water. Students worked 
in groups and created about 30 artworks that 
were placed in several different locals at the 
University Campus. In the present 
communication, we will present and evaluate 
this Science.com.pt initiative, in particular 
regarding aspects related with the idea/ 
concept, the involved actors as well as the 
exhibition itself and its first impacts. Different 
aspects regarding the informal and active 
learning methods used, the science 
communication processes, and the 
Scientia.com.pt outcomes will also be 
considered. 
Keywords. Formal & non-formal learning 
science, hands-on activities, society, university, 
water. 
1. Introduction 
Science communication is part of the 
everyday life of any scientist [1]. Scientists 
must give talks and conferences, should 
publish their research results writing scientific 
papers, must write proposals to apply for 
funding, and need to communicate with a 
variety of audiences. Thus, scientists should 
know how to communicate and must learn to 
do it in an effective way. 
At the same time, employment agencies and 
committees are increasingly voicing their 
concerns about the communication skills of 
recent graduates, stressing the need to develop 
such skills in students, particularly the ones 
engaged in undergraduate and graduation 
programs of sciences, engineering and 
technology [2].  
Science communication is undoubtedly 
important for this (the) scientific community but 
is also extremely important for society. 
Although the importance of science may not 
always be obvious, countless science-based 
choices are made every day – whether to make 
informed decisions about our health care and 
well-being or to choose products to consume 
considering their impact on the environment. 
Thus, people need some understanding of 
science, an overall awareness of the way 
science and technology encompass modern life 
- the so called scientific literacy – in order to 
make conscious and informed decisions about 
science related questions.  
1.1. Scientia.com.pt 
Scientia.com.pt is a science communication 
and outreach project, developed in 2015 by 
three professors of the Escola de Ciências 
(School of Sciences) of the Universidade do 
Minho (Braga, Portugal), aware of the 
importance, and committed with science 
communication in today´s society. This project 
was born as a scientific, educational and 
cultural vision and venture, embracing 
university and society as interfaces and with 
research and education as strategic tools. 
Scientia.com.pt has two main action plans - the 
one more experimental-oriented was designed 
Experiment@Ciência (Experiment@Science) 
and focuses multidisciplinary science hands-on 
activities for public of all ages. 
Scientia.com.pt team believes that in- and 
out-university learning can be bridged. 
Museums, libraries or science centres are just 
examples of out-of-university learning 
environments and this idea may be broadened 
to other environments as well. Gerber et al. [3] 
argue that, ‘‘in essence, the informal learning 
can be defined as the sum of activities that 
comprise the time individuals are not in the 
formal classroom in the presence of a teacher’’. 
We know that, whether we plan it or not, 
informal learning occurs everywhere and at all 
the time and we cannot avoid it. In addition, 
visits to museums, exhibitions, etc., have 
become part of our way of life. If we experience 
informal learning anyway, why put effort into 
doing so during university time? Wouldn´t it be 
a waste of money and precious university time? 
[4]. We think that this kind of learning reinforces 
and expands the class curriculum by providing 
new perspectives and more meaningful 
Hands-on
© 2016 HSc
 
 
connection
simultaneo
enjoyment
a sense 
motivation
much negl
science [5]
1.2. Expe
tive “
Aiming 
Experimen
was decid
should dra
consumptio
vital resou
action wou
World Wa
yearly on t
At the 
and its rele
often not 
members 
teacher of
the Biolog
as “Water”
challenge 
non-formal
activity in 
was not th
mentioned
was very 
innovative 
used in the
used at o
informal q
teacher a
members 
water were
part of 
community
“The Powe
set of artw
water. The
students a
message o
wished to
reflecting s
learning pr
in the Bioc
Active, 
After exp
numerous 
. The Heart
i. ISBN 978
s that ca
usly promo
. This sort 
of wonde
, and eage
ected in tr
. 
riment@S
The Powe
the 
t@Science
ed that one
w the atten
n and use
rce that b
ld be dev
ter Day, c
he 22nd of 
University C
vance for 
correctly re
of the Sci
 Biochemis
y-Geology 
 is a progr
her student
, active 
the scope 
e first time
 group of s
important
strategies,
 formal lea
ur univers
uotes from 
nd the 
that the re
 far from 
that sma
 of 60 stud
r of Water
orks unde
 pieces s
nd should 
r fact they 
 share w
omething 
ocess and
hemistry co
collaborativ
laining the
aspects wit
 of Scienc
-84-8158-71
n help s
tes lifelon
of activities
r, interest
rness to le
aditional fo
cience a
r of Wate
definition 
 main task
 important
tion to a m
 of water,
elongs to 
eloped on
elebrated 
March. 
ampus wa
life is easily
spected. A
entia.com.p
try, a 1st 
graduation
am topic, s
s and to en
and hand
of that sylla
 that this te
tudents, sh
 to engag
 different 
rning proce
ity. At th
the studen
remaining 
al value a
being perc
ll particu
ents. So, th
” initiative w
r the aegis
hould be c
communic
considered
ith the 
learnt thro
 collaborat
urse. 
e and inf
 idea a
hin the pro
e Educatio
4-2 
tudents, w
g learning 
 can gene
, enthusia
arn, which 
rmal unive
nd the ini
r” 
of 
s for 2016
 project ac
ore consc
 a limited 
all of us. 
 behalf of 
worldwide 
ter is plen
 forgotten 
s one of 
t team is 
year cours
 program, 
he decide
gage them 
s-on lear
bus unit. A
acher had
e knew th
e them 
from the o
ss tradition
e same t
ts warned 
project te
nd finitude
eived, even
lar acade
e main ide
as to mak
 of the the
reated by 
ate a scien
 important 
public, ide
ugh the ac
ive group w
ormal lear
nd discus
ject, 16 gro
n 
hile 
and 
rate 
sm, 
are 
rsity 
tia-
the 
, it 
tion 
ious 
and 
The 
the 
and 
tiful 
and 
the 
the 
e of 
and 
d to 
in a 
ning 
s it 
 the 
at it 
with 
nes 
ally 
ime, 
the 
am 
 of 
 by 
mic 
a of 
e a 
me 
the 
tific 
and 
ally 
tive 
ork 
ning 
sing 
ups 
of t
crea
link
idea
sev
The
dec
diss
defi
app
thin
sho
that
to t
Pow
ON
Fig
A
this
pre
diffi
eng
stud
and
are 
and
As 
team
divi
to f
mem
T
the 
life,
crea
"wa
acti
and
see
acc
sea
stud
be i
hree-four s
te the ar
ed with the
s was to e
eral locatio
 students h
ide the 
eminate, to
ne the way
ropriate titl
k about the
w their wo
 their ende
he exhibit
er of Wate
U site for th
ure 1. The 
World 
s above su
 project 
paration a
cult subjec
age in the 
ents havin
 focused, 
needed to
 in groups 
they also 
work, the 
de these s
our elemen
bers of th
he teache
importance
 and deci
tive activ
ter" could 
vities - ge
 considere
med to b
omplish te
rch and w
ents learn
mpracticab
tudents we
tworks of 
 theme “Wa
xpose all th
ns, at the
ad a lot of 
messages
 choose th
 they will 
e to the res
 place whe
rks. Studen
avours wo
ion that wa
r” and that
is purpose 
“Power of W
Water Day 
ggested th
have a 
nd conside
t and, th
study of the
g difficultie
different str
 involve t
and to get a
have no cl
teacher of 
tudents into
ts) to enco
e group. 
r wanted st
 of water/ t
ded that e
ities relate
be a go
nerally pe
d an effect
e a good
acher´s go
ork, and 
ing of seve
le during cl
re formed 
expository
ter”. One o
e different 
 University
decisions t
 they w
e type of w
to do it, to
pective pie
re they w
ts were al
uld contribu
s later na
 was regist
[6] (Figure 
ater” in the
map of even
e students 
deficient 
red Bioch
erefore, th
 covered t
s in bein
ategies an
hem both 
 meaningf
ear notion 
this course
 small gro
urage the 
udents to 
he water m
ngaging s
d with t
od start. 
rceived as
ive form of
 search 
als, drivin
ultimately 
ral aspects
asses in th
125
in order to
 character
f the main
artworks at
 Campus.
o make: to
anted to
ork and to
 select an
ces and to
ould like to
so advised
te globally
med “The
ered in the
1). 
 Un-water 
ts 
involved in
scientific
emistry a
ey hardly
opics. With
g attentive
d activities
individually
ul learning.
of what is
 decided to
ups (three
work of all
understand
olecule for
tudents in
he theme
Hands on
 enjoyable
 learning -
engine to
g students
improving
 that would
is course. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 126 
As activ
any instruc
in the lea
learning re
which stud
towards a 
short, activ
meaningfu
what they 
was intend
The diff
learning in
consider th
play a lead
develop m
working. 
evaluation 
on the oth
approache
to commun
either lea
partners 
communitie
by the nee
Why this
effective? 
participate 
more ac
academic 
concepts t
knowledge
concepts 
backgroun
students c
evaluate m
solve an 
environme
Literatu
informal le
do with i
methods o
environme
that a learn
and with 
Another r
learners c
meaningfu
During 
appreciate
practiced a
for problem
group pro
perspective
e learning
tional meth
rning proce
fers to an
ents work 
common go
e learning
l learning 
are doing [9
ed!  
iculties tea
side the un
at univers
ing role in
ore sustai
Elements 
on one ha
er, are ne
s and proc
ity empow
d such a
in an e
s to addre
d for susta
 engage
First and 
in this ki
ademic c
praxis (a
o action), 
 receivers 
come in
d of situ
onsider, ap
ultiple dis
array of 
ntal challen
re refers 
arning is b
mmediacy 
f learning a
nt as they
er can tak
immediate 
eason co
an drive t
l and self-d
this hands
d the op
 thoughtfu
 solving, 
cess in 
s on top
 is genera
od that eng
ss [7], an
y instructio
together in
al [8], we m
 requires 
activities a
] which wa
chers find i
iversity mu
ities have t
 enabling c
nable ways
of progra
nd, and ca
eded. The
esses that 
erment - u
pproaches
ndeavour 
ss the cha
inable dev
ment is 
foremost, 
nd of eng
ontents [
pplication 
students s
to idea cre
to relief 
ation and
ply, test, a
ciplinary a
human, m
ges.  
that the 
ecoming p
and relev
re often fou
 are seen 
e advantag
application
nsists in 
heir learni
irected man
-on exper
portunity 
l and stru
valued the
sharing a
ics in Bioc
lly defined
ages stude
d collabora
nal metho
 small gro
ay say tha
students to
nd think ab
s exactly w
n teaching 
st lead them
he potentia
ommunitie
 of living 
m plan
pacity build
 latter en
may contrib
niversities 
, or be 
to empo
llenges po
elopment [
education
students 
agement le
11]. Thro
of theore
hift from be
ators. Abst
against 
 context 
ssess, and
pproaches
echanical 
reasons 
opular hav
ancy. Infor
nd in the w
as techniq
e of right a
 to their 
the fact 
ng in a m
ner [12]. 
ience stude
to learn 
ctured proc
 safety of 
 diversity
hemistry, 
H
 as 
nts 
tive 
d in 
ups 
t, in 
 do 
out 
hat 
and 
 to 
l to 
s to 
and 
and 
ing 
tails 
ute 
may 
key 
wer 
sed 
10]. 
ally 
who 
arn 
ugh 
tical 
ing 
ract 
the 
as 
 re-
 to 
and 
why 
e to 
mal 
ork 
ues 
way 
job. 
that 
ore 
nts 
and 
ess 
the 
 of 
and 
ack
rea
add
sma
cha
lear
abo
mes
scie
2. T
T
and
and
that
was
cho
the 
D
peo
30 
plac
Ped
Com
Libr
very
had
wer
app
rela
com
I
disp
diffe
enti
age
ands-on. T
© 2
nowledged
l and chall
ressed in f
ll-group se
llenge of 
nt to a pa
ut the bes
sage, in a 
ntific accur
he exhib
he exhibiti
 the memb
 it was ina
 moment, 
 to coordin
ose the be
pieces to th
Figure 2
uring 13 w
ple should 
pieces exh
es in the
agogic C
plex II, Ca
ary Loung
 eclectic a
 just an in
e much 
roached a
ted to “
position, p
n the loung
layed a se
rent uses 
tled "The w
s". In the 
he Heart o
016 HSci. IS
the impo
enging pro
ormal lectu
ttings. Add
communica
rticular pu
t way to 
particular w
acy 
ition 
on was imp
ers of the S
ugurated o
the role of 
ate the wor
tter title an
e available
. Artwork “
orking day
have pass
ibited and l
 Universit
omplex I, 
nteen, Gri
e. The artw
nd of very 
formative c
more c
nd dealt 
Water”, s
ollution, reu
e of the c
ries of 40
of water 
ater and its
library it w
f Science 
BN 978-84
rtance of 
blems that
res and oth
itionally th
ting what
blic, needin
share tha
ay, withou
lemented b
cientia.com
n March 18
the projec
k, helping 
d selecting
 spaces. 
Moving Wa
s (March-A
ed through
ocated at s
y Campus
Hall of 
ll, Sport Co
orks displ
diverse na
haracter w
hallenging,
with seve
uch as 
se, water f
ampus libr
 images s
by humani
 utility thro
as also ex
Education
-8158-714-2
addressing
 are rarely
er planned
ey had the
they had
g to think
t particular
t losing the
y students
.pt project
, 2016. At
t members
students to
/ adjusting
ter” 
pril), 3 000
 about the
ix different
: Hall of
Pedagogic
mplex and
ayed were
ture: some
hile others
but all
ral topics
its uses,
ootprint, …
ary, it was
howing the
ty, a work
ughout the
posed the
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hands-on
© 2016 HSc
 
 
"Moving w
along with 
(Figure 2). 
Figure
Figure 4
In the 
water vas
representin
water, was
Bellow t
model of
evolution o
earth sinc
There w
parallelepi
affordable 
accessibilit
One of 
when choo
complexes
huge insta
plastic wat
pollution 
placed in
. The Heart
i. ISBN 978
ater", a 3-D
an explica
 3. “Water c
. “1900210
w
hall of the
e divided
g the c
 hanging fr
his installa
 three g
f continents
e 1900 th
ere als
ped presen
drinking
y (Figure 4
the main po
sing the a
 was the p
llation (1,5 
er bottles a
affects se
 one of 
 of Scienc
-84-8158-71
 model of t
tive and pe
hemical co
0: Evolution
ater” 
 pedagog
 into sev
hemical c
om the ceil
tion, a gree
lobes rep
 and water
rough 2100
o three 
ting both 
 water 
). 
ints stress
rtworks for 
roblem of 
mx 1 m) m
nd picture
veral worl
the camp
e Educatio
4-2 
he water c
rmanent v
mposition”
 of drinking
ic complex
eral glas
omposition 
ing (Figure
n and blue 
resenting 
 distribution
 was plac
rectang
the worldw
and w
ed by stude
the pedag
pollution. S
ade with em
s showing 
d areas 
us pedag
n 
ycle 
ideo 
 
 
 
, a 
ses, 
of 
3). 
3-D 
the 
 on 
ed. 
ular 
ide 
ater 
nts 
ogic 
o a 
pty 
how 
was 
ogic 
buil
pro
aler
recy
F
T
As 
fres
defi
goo
and
stud
inst
man
of 
resp
sym
the 
inst
whe
sug
WF
3. C
p
A
disp
get 
dings (Fig
sper or per
t for the 
cling. 
igure 5. “Bo
he Water 
an indicato
h water by
ned as the
ds. To illus
 save w
ents hav
allations.
nequin dre
shoes an
ective WF
bolizing th
cafeteria, 
allation de
re several 
ar, coffee o
s. 
losing C
ectives 
t the pla
layed it w
involved
ure 5). Na
ish" that a
need and
ttled water
Footprint (W
r of the dire
 a consum
 total volum
trate the ur
ater, two 
e perfor
In the s
ssed with j
d a smar
s translate
e correspon
the same id
signed "W
cardboard-
r cakes ind
omments
ces where
as expecte
, leaving
med "Bot
rtwork wan
 the imp
: prosper o
F) was no
ct and ind
er or a pro
e needed 
gent need 
different 
med two
portive c
eans, a T-s
tphone sh
d in sets 
ding water
ea was u
ater exten
made goo
icated the
 and Fut
 the exhi
d that vis
 comme
127
tled water:
ted also to
ortance of
r perish” 
t forgotten.
irect use of
ducer, it is
to produce
to preserve
groups of
 different
omplex a
hirt, a pair
owed the
of bottles,
 volume. In
sed for the
t carboy",
ds such as
 respective
ure Pers-
bition was
itors would
nts and
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hands-on. The Heart of Science Education 
© 2016 HSci. ISBN 978-84-8158-714-2 
 
 
 
128 
suggestions, proposing changes to some 
pieces, eventually advising to remove some of 
the artworks or even suggesting the creation of 
new ones. This was one of the most relevant 
outputs of this initiative, because 
Scientia.com.pt believes that this is an effective 
dynamic process of flowing knowledge from 
university to society and vice-versa, improving 
scientific literacy of both public and students. At 
this stage Science.com.pt is collecting the 
suggestions, comments and ideas to 
reformulate artworks and/ or to create new and 
different material that are being made along the 
various locations of the exhibition. This way, 
Science.com.pt assumes another active role in 
this process, feeding the cycle, while 
reshaping, renewing, adding, and so enhancing 
the initial exhibition. In this long way, from 
university to community/ society, both actors 
get engaged in the renovation of the exhibition: 
all curious and interested people in “water 
science” that see the exhibition (either children 
or adults) can not only learn but also give 
feedback in a dynamic, engaged and 
participated process of renewal and 
reconstruction. 
Students made their auto and hetero-
evaluation and said that “this was an interesting 
way of learning” because “they haven´t to be 
inside the class”, “they´ve learnt more about 
science” and, “they´ve learnt in different ways 
how to do hands-on activities” while they 
realize the difficulty of “communicating an idea 
or a scientific concept” in order that other 
people could understand the topic. They 
mentioned that the fact that their works have an 
expository nature, allowing everyone to see 
and evaluate the work of all of them, put a lot of 
pressure but also a sense of “pride” in this 
challenging task. Still, students commented that 
“we could always do work of this kind”, that “it is 
better to do things in a group” and that “it could 
be important what I do” concluding that “these 
things take time to do but give us joy”. 
In the meantime the Library Lúcio Craveiro 
da Silva, in Braga, booked the exhibition for the 
celebrations of the World Water Day in 2017. 
Meanwhile, the Municipality of Braga invited 
Scientia.com.pt to join the AQUACÁVADO, an 
educational project running at Tibães 
Monastery, also in Braga. During 2016 
Scientia.com.pt also expects that some basic 
and secondary schools request some or all of 
the artworks, in order to improve some 
materials of the exhibition and also to increase 
the number and the diversity of pieces. 
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